Abstract -Introduction. Brazil is a major producer of mangoes, but the export volume is still small because of the short shelf life of this fruit. The objectives of our work were to evaluate the effect of modifying the storage atmosphere using plastic film and temperature, according to different periods of storage, on the characteristics of Espada mango grown organically. Material and methods. Seven treatments were applied to the fruits after their harvest: fruits stored at room temperature; at 12°C / 80-90% relative humidity (RH); washed and stored at room temperature; washed and stored at 12°C / 80-90% RH; washed, packed in PVC and stored at room temperature; washed, packaged in PVC and stored at 12°C / 80-90% RH; and fruits harvested on the same day of evaluations, at (5, 9, 13, 16 and 21) days of storage. Results and discussion. Storage at 12°C and 80-90% RH was more efficient in delaying fruit ripening, with minor evolution of peel and pulp color and soluble solids contents; this treatment also delayed the development of anthracnose. Fruits packed in PVC and stored at room temperature kept the peel and pulp color for 13 days, compared with 9 days for non-packaged fruits. The ideal time to harvest the Espada variety occurs at 165 days after the onset of flowering, with an index of "3" for skin color (equal amounts of green and yellow) and pulp color (yellow pulp), and soluble solids of 8.5°Brix. The low severity of anthracnose found at different evaluation times indicates the probable tolerance of the Espada variety to the pathogen.
Introduction
Brazil is a major producer of mangoes, but the export volume is still small, mainly due to the short shelf life of the product, which should be handled with specific care during shipping. Mangoes harvested at a mature but unripe stage of development ('maturegreen') can be stored in the unripe state as long as the initiation of ethylene production, and hence ripening, is avoided. The initiation of ripening can be avoided by prompt cooling and storage at a low temperature at which ripening does not occur or, more effectively, by changing the composition of the storage atmosphere so that the oxygen (O 2 ) level is reduced and carbon dioxide (CO 2 ) level is raised [1] .
Through the creation and maintenance of an optimal micro-atmosphere, packaging of fruit in plastic film reduces the rates of respiration, perspiration and microbial growth and slows down several other metabolic reactions occurring in the product [2, 3] . However, a combination of packaging and temperature may cause an inadequate oxygen supply and / or insufficient output of carbon dioxide through the packaging, creating an atmosphere not appropriate for the fruit, which may result in undesirable changes in color and texture and the development of non-characteristic flavor and odor [4] . The literature cites the use of plastic films (polyethylene, polypropylene, various copolymers of high permeability) to pack individual mangoes of different cultivars, such as Tommy Atkins [4] , Palmer [5] and Keitt [3] . Polyvinyl chloride (PVC) film has low cost and high gas permeability and was used by Jerônimo and Kanesiro [6] to cover trays containing mango cv. Palmer.
The optimum ripening temperature range for high-quality mango varies from 19°C to 24°C [7] . However, to extend the shelf life period, it is recommended to use temperatures around 13°C and a relative humidity varying from 85% to 90%; these conditions are described as ideal for a large number of cultivars, especially when they are harvested at the pre-climacteric stage [8, 9] .
Mango fruit quality is compromised when harvest occurs before the fruit are fully mature, since they are unable to achieve the full complement of flavor and aroma during the postharvest handling period compared with fruit harvested at a fully mature or ripening-initiated stage of development [10] .
The objectives of our study were to evaluate the effects of modifying the storage atmosphere by plastic film and the temperature at different periods of storage on the physico-chemical characteristics and quality of the 'Espada' mango variety grown organically.
Materials and methods
The 'Espada' mangoes used in our experiment were from the experimental field of Apta Centro Norte, Pindorama-SP, Brazil, lat. 21°13' S and long. 48°55' W, with average annual temperature of 22.8°C, average annual rainfall of 1390.3 mm and annual relative humidity of 71.6%. The field was installed in 2007 as an organic production system.
Fruits from five plants were manually harvested on October 26, 2011, 125 days after the onset of flowering. Fruits with greencolored skin of approximately similar size and maturity stage were selected on the basis of absence of defects and diseases.
Fruits were transported to the laboratory immediately after harvest. They were randomly assigned to seven treatments varying the storage temperature and the packaging (table I).
The evaluations conducted after (5, 9, 13, 16 and 21) days of storage were made with five replications (fruit) per treatment. Fruits assessed on the harvest day (125 days after the onset of flowering) served as reference control.
Skin color was evaluated visually with the rating scale described by Hiluey et al. [11] : 1 = green fruit, 2 = more green than yellow, 3 = equal amounts of green and yellow, 4 = more yellow than green, and 5 = completely yellow fruits. Pulp color was assessed visually from a longitudinal cut section of the fruit using a subjective scale scoring from 1 to 5, where 1 = light cream pulp, 2 = cream pulp, 3 = light yellow pulp, 4 = yellow-orange pulp and 5 = orange intense pulp [11] . Pulp yield was obtained from individual fruits, which were peeled close to the pulp with a stainless steel knife. The weight of the entire fruit, and of the peel and seed, were recorded with an analytical balance to three decimal places. The pulp yield was computed as the difference from the whole fruit, reported as a percentage. Soluble solids were determined by direct readings with a handheld refractometer (Atago, model N1, 32-10 Honcho, Itabashiku, Tokyo 173-0001, Japan), using three drops of homogenized pulp, obtained by peeling the fruit and processing in a domestic centrifuge. The results were expressed in°B rix. Anthracnose severity was assessed by the adaption of the graphic scale described by Sales Junior et al. [12] , assigning notes to the symptoms: 1 = no anthracnose spots on the fruits, 2 = less than 5.0% of the fruit area affected with anthracnose, 3 = 5.0% to 10.0% of the fruit area affected with anthracnose, 4 = 10.1% to 30.0% of the fruit area affected with anthracnose, and 5 = more than 30.1% of the fruit area affected with anthracnose.
The experimental design used was randomized blocks in factorial outline 5 × 7 + 1 [storage at (5, 9, 13, 16 and 21) days × 7 treatments (storage conditions) + control (fruit evaluated at 125 days after the onset of flowering)], a total of 36 treatments and five repetitions. The data were subjected to variance analysis by the F test and means were separated with Tukey's test at 5% probability.
Evaluations of fruits collected on the day of evaluations (treatment 7, fresh fruit) continued until December 16, at (151, 159, 162, 167, 172 and 176) days after the onset of flowering to follow on tree fruit ripening. Regression analysis was performed, testing the linear, quadratic, cubic and regression deviation, and the equation parameters were selected using the F test.
Results and discussion
The results regarding the parameters skin color, pulp color, pulp yield, soluble solids and severity of anthracnose assessed by analysis of variance showed that only the parameter percentage of pulp yield was not significantly different from control (table IIa) . The data for the other parameters differed significantly from the value of control. For anthracnose severity, no significant interaction appeared between days of storage and treatments. Greater severity of anthracnose was observed at 21 days of storage, being significantly different from the 13th day (table IIb) . With respect to treatments, the highest severity was observed in treatments 1 and 5, although they did not differ significantly from the treatments 3 and 6 (table IIc).
Despite the fact that harvest was carried out at 125 days after flowering initiation Table I . Different storage treatments applied to 'Espada' mango for studying the effects of cooling and packaging on fruits after harvest. Means followed by the same letter in a column do not differ by Tukey's test at 5% probability; **: Significant at 1% probability; *: Significant at 5% probability; ns: not significant.
• Skin color: 1 = green fruit, 2 = more green than yellow, 3 = equal amounts of green and yellow, 4 = more yellow than green, and 5 = completely yellow fruits.
• Pulp color: 1 = light cream pulp, 2 = cream pulp, 3 = light yellow pulp, 4 = yellow-orange pulp, and 5 = orange intense pulp.
• Anthracnose severity: 1 = no anthracnose spots on the fruits, 2 = less than 5.0%, 3 = 5.0% to 10.0%, 4 = 10.1% to 30.0%, and 5 = more than 30.1% of the fruit area affected, respectively.
when the skin color was at an average value of 1.60 (1 = green fruit and 2 = more green than yellow), the soluble solids (6.3°Brix, on average) of the control fruits were low ( There is a need for more information on other varieties such as "Espada" as affected by production localities to establish the ideal harvest point so that the fruits are able to mature with desirable visual and organoleptic qualities.
The anthracnose severity was 2.11 at 21 days of storage (table IIb) with less than 5% of the fruit area affected by anthracnose. This value indicates that the disease index was low considering that fruits were produced in an organic system, without fungicide application during development. All mango fruits evaluated in this experiment were harvested without the presence of symptoms of the disease.
According to Prusky et al. [15] , in the case of postharvest anthracnose, developing fruits are infected in the field, but the infections remain quiescent until the onset of ripening, which occurs after harvest. Once the climacteric period of the fruit starts, lesions begin to develop but there is no fruit-to-fruit infection. Among treatments, fruits stored at 12°C (T2) and fruits washed and stored at 12°C (T4) showed the lowest ratings of anthracnose severity (table IIc), indicating that storage at low temperatures retards the development of the pathogen.
Although
In relation to skin color, the unfolding of the interaction among treatments and storage days revealed that for fruits stored at room temperature (T1) and fruits packed with PVC (T5) and stored at room temperature, there was a significant change in color evolution from the 13th day of storage (table III) . There was no significant difference in skin color during storage periods for fruits stored at 12°C (T2) and fruits washed before storing at 12°C (T4); no sign of ripening was visible as the skin color evolved from 1 to 2.4 (unripe and greener than yellow, respectively). For fruits washed before storing at room temperature (T3), fruits packed with PVC before storing at 12°C (T6) and control fruits (T7), the skin color differed significantly from the 9th storage day. Among the treatments, no significant difference was observed after the 5th day of storage. On the 9th and 13th days, the highest values were observed for treatments T3, T1, T7 and T6, which did not differ statistically from each other. On the 16th day, treatments T1 and T3 showed a higher value for skin color, differing from treatments T2 and T4; after 21 days of storage, the highest color values were obtained for treatments T1, T3 and T5.
Maintenance of skin color in fruits stored at 12°C (T2) and fruits washed and stored at 12°C (T4) over the 21 days of storage (table III) indicated that storage at 12°C slowed down the ripening process. The modification of the atmosphere by the use of PVC slowed the development of skin color, as compared with other treatments with storage at room temperature, but the cold storage was more effective.
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Pesis et al. related that packing the mango fruit cultivars Tommy Atkins and Keitt in microperforated polyethylene (PE) or in Xtend ® films (XF) reduced peel color development by almost 50% after 21 days at 12°C plus 5 days at 20°C [16] . The least color development was found in fruit packed in PE. González-Aguilar et al. evaluated the quality of Keitt mangoes during storage in modified atmosphere packaging (MAP) with polyethylene (LDPE) films and they observed delay in the loss of color, weight and firmness [17] . Fruit maintained good appearance with a significant delay in ripening. Both results agree with Alves et al., who reported that packaging in modified atmosphere delayed ripening of Tommy Atkins mangoes stored under refrigeration [18] .
For pulp color, fruits stored at room temperature (T1) and fruits washed then packed with PVC and stored at room temperature (T5) showed a differentiation from 13 days of storage, with the highest value observed on the 21st day (table IV). For fruits stored at 12°C (T2), a significant difference was observed only after 21 days of storage. For fruits washed then stored at room temperature (T3), pulp color differed significantly from the 9th day, reaching the highest value at 21 days. Fruits washed then stored at 12°C (T4) showed no significant change in pulp color (which remained light cream, characteristic of unripe fruit) throughout the period of storage. The refrigeration temperature recommended for mangoes is 12°C [18] , which means that the fruits were not subjected to abusive temperatures, causing impairment of ripening due to chilling injury. Tommy Atkins fruit have been successfully stored for up to 21 days at 12°C, with favorable ripening qualities and minimal chilling injury symptoms [16, 19] .
In fruits washed then packaged in PVC and stored at 12°C (T6), pulp color differed significantly from the 16th day, and fruits of control (T7) had similar color from the 13th day, although reaching low values (2 = cream pulp), indicating that fruits did not reach ripening at 146 days after the onset of flowering. With regard to treatments, there was no significant difference on the 5th day of storage. After the 9th day, only fruits washed and stored at room temperature (T3) differed from the others, with higher pulp color values. By the 13th day, the highest values were observed for treatments T1 and Table III . Averages of the unfolding interaction between storage periods and storage conditions for the parameter skin color of 'Espada' mangoes submitted to different treatments applied to fruits after harvest (South Brazil) (skin color: 1 = green fruit, 2 = more green than yellow, 3 = equal amounts of green and yellow, 4 = more yellow than green, and 5 = completely yellow fruits).
Storage conditions (treatments)
Storage periods (days) Significant minimum difference (treatments) 1.0874
Means followed by the same uppercase letter in a line, and lowercase in a column, do not differ by Tukey's test at 5% probability.
T3, and, at the 16th and 21st days, for T1, T3 and T5, showing characteristics of ripe fruit at 21 days (yellow-orange pulp and orange intense pulp).
There was no significant change in the pulp color in fruit stored at 12°C (table IV) . Only the fruits stored at room temperature reached the coloration of ripe fruits (score scale 4 and 5) at the 21st day. The fruits packed in PVC and kept at room temperature (T5) began to show signs of maturation from the 16th day of storage, compared with the fruit without packaging; the fruit handled in storage for 13 days presented pulp color between 3.8 and 4.2 (3 = light yellow and 4 = yellow-orange). Yamashita et al. studied the effect of packaging in polyvinyl chloride (PVC) on the shelf life of Tommy Atkins mangoes stored under refrigeration at 12°C (80-90% RH); they found that the packed mangoes had a shelf life of 21 days against 6 days for non-packed, and that the mass loss rate was 3.5 times lower in the former [20] . The authors state that the combination of the packaging with storage at 12°C increased product shelf life by reducing metabolic activity and the development of rot.
Jerônimo related that Tommy Atkins and
Parvin fruits stored at 13°C had shelf life 8 days longer than fruits stored at room temperature [21] . Fruits stored at 5°C did not ripen and showed symptoms of cold damage.
For percentage of pulp yield, a significant decrease was observed from the 16th day of storage for fruits stored at room temperature (T1), and fruits washed and stored at room temperature (T3) (table V), due to the excessive ripening of the fruits, which were difficult to peel. Nevertheless, all treatments had yields above 60%. For fruits stored at 12°C (T2), fruits washed and stored at 12°C (T4), fruits washed, packaged in PVC and stored at 12°C (T6) and fruits of control (T7), there was no excessive ripening and no significant difference was observed within different periods of storage. Whatever the treatment, no significant difference was shown up to the 5th day. On the 9th day of storage, fruits washed, packed in PVC and stored at room temperature (T5) had the highest pulp yield percentage, differing significantly from fruits of treatments T3 and T4. After 13 days of storage, the highest yields were achieved in fruits of the treatments T7, T6, T4, T2 and T3. On the 16th Table IV . Averages of the unfolding interaction between storage periods and storage conditions for the parameter pulp color of 'Espada' mangoes submitted to different treatments applied to fruits after harvest (South Brazil) (pulp color: 1 = light cream pulp, 2 = cream pulp, 3 = light yellow pulp, 4 = yellow-orange pulp, and 5 = orange intense pulp). Significant minimum difference (treatments) 0.8542
Means followed by the same letter uppercase in a line, and lowercase in a column, do not differ by Tukey's test at 5% probability.
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and 21st days of storage, the lowest yields were observed in fruits of the treatments T1, T3 and T5, with the more ripe fruits. Pulp yield is a parameter used in cultivar selection for processing, juice nectars and other types of products, and cultivars with yields above 60% are prized [22] .
A significant increase in soluble solids was noticed from the 9th day of storage for treatments T1 to T6 (table VI). For fruits stored at room temperature (T1), there was a significant decrease at 21 days of storage from 8.62°Brix to 7.58°Brix, due to excessive fruit ripening, some of which had Table V . Averages of the unfolding interaction between storage periods and storage conditions for the parameter pulp yield (%) of 'Espada' mangoes submitted to different treatments applied to fruits after harvest (South Brazil). Means followed by the same letter uppercase in a line, and lowercase in a column, do not differ by Tukey's test at 5% probability. Significant minimum difference (storage periods)
1.0058
Significant minimum difference (treatments)
1.0877
reached an improper state for consumption. For fruits of control (T7), there was no significant difference during the evaluation periods, due to the non-ripening of fruits. At the 5th day of storage, there was no difference among fruits from treatments T1, T2, T3, T4 and T7. For the 9th, 16th and 13th days, fruits of treatments T1 and T3 showed the highest values of soluble solids, differing from the others. On the 21st day, the highest value of soluble solids was obtained for fruits of the treatment T3 (8.92°Brix) and did not differ statistically from fruits of the treatment T2 (7.92°Brix).
The largest increase in soluble solids occurred in fruits stored at room temperature, similar to the pattern seen for other parameters, and the largest delay in ripening was observed in fruit stored at 12°C (table VI) . This pattern is found until the 16th day of storage. The evaluation at the 21st day showed no significant difference among fruits of treatments T2 and T3. Fruits packed in PVC showed the same behavior either stored at room temperature or at 12°C, and both conditions were effective in delaying the ripening of the fruits. Yamashita et al. reported an increase in the soluble solids content against time in Tommy Atkins mangoes stored at 12°C for both mangoes packaged in PVC film and without packaging [20] . However, the control fruits (without packaging) had a greater increase (12°Brix to 17°Brix) than the packed fruits (12°Brix to 14°Brix). It is likely that the packaging reduced the metabolic activity of the fruit, delaying ripening. In this experiment, there was usually a significant increase in soluble solids after the 5th day of storage and afterward the soluble solids content tended to remain quite stable toward the end of storage for fruits of all the treatments except T1 and T7. In fruits of T1 a significant decrease was measured on the 21st day, while there was no change in the samples evaluated in treatment T7.
Studies of the quadratic performance of pulp color and cubic performance of skin color and anthracnose severity of fruits evaluated in the field (T7) show that the skin color was stable from November 4 to December 7 [(134 to 167) days after the onset of flowering], with a rating scale between 2 and 3; it had an increase on December 12 (172 days after flowering). For pulp color, an increase was found earlier, on December 7. For severity of anthracnose, the graphic scale remained between 1 and 1.5 for all evaluated dates ( figure 1) . • Skin color: 1 = green fruit, 2 = more green than yellow, 3 = equal amounts of green and yellow, 4 = more yellow than green, and 5 = completely yellow fruits.
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The following characteristics can be determined as the optimal harvesting point (figures 1, 2): harvest at 165 days after initiation of flowering, with skin color = 3 (equal amounts of green and yellow), pulp color = 3 (yellow pulp), and soluble solids of 8.5°Brix.
The quality of mango for consumption and its postharvest conservation depend mainly on the stage of development of the fruit at harvest. Thus, fruits that did not complete their maximum physiological development in the field may be kept for a long period of time, but they will never reach the optimum quality for consumption [23] . According to Botton, harvesting at the inadequate physiological maturity stage is a major cause of loss and poor quality of Brazilian mangoes that reach Europe by sea [24] . The low level of anthracnose severity observed in all evaluations (figure 1) indicates the resistance of the Espada variety to the pathogen, since as it was an organic production system no fungicide was used.
The increase in total soluble solids for fruits in the field (T7) is illustrated by the rise in the curve (figure 2) from the evaluation on December 7 (at 167 days after the onset of flowering) from 7.7°Brix to 9.4°Brix, until the last evaluation date on December 16 (at 176 days), where levels reached 14.2°Brix, on average.
Conclusions
The storage of mango fruits at 12°C and 80-90% of relative humidity is more efficient in delaying fruit ripening, for the maintenance of skin and pulp color, and soluble solids contents, and for delaying the development of anthracnose symptoms. The use of PVC when storing fruits at room temperature makes it possible to keep skin and pulp color for 13 days, compared with 9 days with unpackaged fruits. The ideal time to harvest the Espada variety in the environmental conditions of the region of Pindorama, SP, Brazil, occurs at 165 days after the onset of flowering, with color of skin and pulp = 3 (equal amounts of green and yellow and light yellow pulp) and soluble solids of 8.5°Brix; The low severity of anthracnose found in the different evaluation periods indicates the probable resistance of the Espada variety to the pathogen. 
